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ESTERIFICATION PROCESS

The present Iavention relates to a process £or the

esterification cof hydroxylated ccmpounds.

Esters, particularly phosphate esters, are widespread in
nature and occupy a central role 1in biochemical
processes. Of special 1interest are carbohydrate
phosphates which are used extensively for studying
biosynthetic pathways, and inositol phosphates which act
as secondary cellular messengers. However, because these
compounds are often present at low concentration and are
usually difficult to isolate in pure form, it is often
necessary to synthesise them chemically.

A number of pharmaceutical products possess ester
functionalities. Examples include betamethasone, which
is used in the treatment of asthma, and menadiol, which
is used for haemorrhage control. Both of these compounds
are orthophosphates. Phosphate esters are structural
features of several bacterial polysaccharides wnich are
used in vaccines to protect against diseases such as
pneumcnia and meningitis; synthetic antigens with this
type of structure have, in recent years, been prepared
with a view to using them as synthetic vaccines. It is
therefore clear that the introduction of the ester
functional group is necessary for the preparation of a

number cf pharmaceutical products.

Another area in which esters have proved to be useful is

ailed biochemical studies, including studying the

.A
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t

effects of structural modifications on the biological
activity cf various compounds. Such studies include

oharmaccicgical tasting of new drugs and therapeutic
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agents and also investigations into the mechanism of
diseases including cancer. In studies such as these, it
is often particularly useful to use radioactive esters
into which a radicactive isotope of one of the atoms has
been incorporated.

It is often impossible to obtain the required ester
compounds by any other method than chemical synthesis
but, in fact, the chemical synthesis cf esters has, :in
the past, proved to be extremely difficult. Direct
methods for the synthesis of esters are available and an
example of such a method is the esterification of a
hydroxylated ccmpound (HC) using phosphoric acid or
polyphosphoric acid (MacDonald, The Carbohydrates, 1A,
254 (1972) W. Pigman and D. Horton (Eds). Academic Press,
New York). However, the utility of this method is
limited because many HCs are sensitive to the reaction
conditions which are, of course, strongly acidic and
often the products undergo further reaction to <form
modified compounds such as cyclic esters or anhydrides.
This route cannot therefore be used for most compounds.
Indirect methods of chemical synthesis have also been
devised and include those described in the article
entitled "Synthesis of Some Low Molecular Carbohydrate
Esters of Biological Significance" by Lindh, Chemical
Communications, University of Stockholm, (1988), No 8.

Further examples are given in the article by Ozaki et al,
J. Chem. Soc. Perkin Trans. 1, :1992), 729-737. Both of
these articles demonstrate th complexity of known
synthetic routes to phosphate esters. Indeed, the latter
describes a twelve step synthesis of the product,
inciuding several steps which involve chromatograpnic

separaticns and giving an overall yield of less than 20%.
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Clearly, therefore, existing methods for the production
of esters are far from ideal and one serious problem is
that the extreme reaction conditions necessary for direct
esterification lead to unwanted side reactions of both
starting materials and products. Attempts have been made
to overcome this by using indirect methods of chemical
synthesis but these methods usually involve a number of
steps selectively to expose specific hydroxyl groups, a
number of further steps to introduce the ester and
finally a series of deprotection steps. This strategy
requires the presence of compatible functional groups in
the molecule during the synthesis, which can be limiting.
Furthermore, the large number of steps will reduce the
overall yield of the final product and often involves the

use of large quantities of expensive reagents.

There is therefore a need for a simple and cost effective
method of esterifying hydroxyl groups. The present
invention is based on the discovery that ester formation
can be promoted remarkably easily in solutions containing

a hydroxylated compound and an oxyacid salt.

Certain superficially similar processes have previously
been applied to starches, for focd purposes, as in US-A-
2884413, US-A-2865762, US-A-2884412 and US-A-2961440.
However, these proposals date from the late 1950s cr
early 1960s, and the applicability of modified methods
for other hydroxylated compounds does not seem to have

been appreciated in the intervening 30 to 35 years.

(T

According to a first aspect of the invention, there is
crovided =z process for the esterification of a
nydroxyiated compound (HC) other than a starch, or the

amidacicn cf an organic amine, characterised in that the
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process comprises reacting the HC or amine with an
oxyacid, oxvacid anion or a mixture thereof wherein the
oxyacid or its anion is capable of accepting a lone pair
of electrons frcm the oxygen of the HC or nitrogen of the

amine.

In the context of the present invention, the term
"oxyacid" includes within its scope hetero-oxyacids in
which one or more cf the oxygen atoms have been replaced
by a hetero atom, in particular one such as nitrogen,
sulphur or a halogen atom. Examples of hetero-oxyacids
include thiophosphates, halophosphates and

phosphonitriles.

The term "hydroxylated compound" refers to any compound
containing a hydroxyl group or an alkoxy or phenoxy
anion. Preferred hydroxylated compounds are hydroxylated
organic compounds although inorganic compounds, for
example oxyacids may be used. Examples of hydroxylated
organic compounds include sugars, proteins,
glycoproteins, peptides, glycopeptides and
glycoconjugates and other molecules having sugar
functionality, amino acids, alditols, cyclitols,

phosphate esters and carboxylic acids.

The conditions of the process of the present invention
are gquite surprisingly mild and one particular advantage
of this is that, because of the mild pH conditions, it is
not necessary tc protect {(and subsequently to deprotect)
other funcrtional groups of the HC. This means that the
overall number of steps in the cvrocess is reduced and
-~hat therefore the overall yield of the Zinal prcduct is
increased, -—hus increasing the cost-effectiveness oI the

asterificaticn process. TFurthermore, the mild reaction

= AR RPER R g
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conditions also ensure that the reaction is suitable for
nearly any starting material and that there is little
likelihood of ©croducts undergoing unwanted further

reaction.

The oxyacid may be an oxyacid of an element M, which is

capable of forming trimeric oxyacids of the structure:

, X
MaOHN " N (YnOH)

]
X\\\M///X

¥ 0H_)

wherein:
M is an electron accepting element;
X 1is oxygen cr a hetero-atom such as sulphur or a
substituted nitrogen atom;
Y 1s oxvgen, hydrogen or a hetero atom such as
sulphur cr a substituted nitrogen atom;
n is 0 or I and m is 0 to 2, depending on the

valency of M.

Examples of elements M which are capable of forming
trimeric oxyacids include phosphorus, boron and silicon.
Usually, the nitrogen atom will be substituted by
hydrogen or an alkyl group.

Phosphorus is capable of forming the metaphosphate
oxvacid. Recause of electron deficiency at the
chosphorus atcm, the ion tends to polymerise and may form

the following trimer:
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Alternative structures for metaphosphate are cyclic

tetramers or chain structures.

Similarly, boron forms an oxyacid having the following

structure:

and silicon forms an oxyacid as follows:

OH\\SE//O\\SI//OH
"
O\\Si//o
OH// \\OH

H

However, the ability cf an element to form this type o
trimeric structcure is merely an indication that one cr

more of its oxyacids will be capable of accepting a lone
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pair cf electrons.

One phosphorus oxyacid which has been found to be
particularly suitable for use in esterification reactions
according to the present invention is metaphosphoric acid
and one suggestion for the reaction mechanism for

esterification using a metaphosphate is as follows:

S
) ¥
> 3‘/ \c{> M - ]PI——OH — U ~ *
\(p)/ - H - 3 H—- + 3H
&5;\\0H 0
0
| v
0"—n f‘\:0< —) HO—J OR -+ H"
,H “H
. -
a O
R
N
, — |
{ o o

This reaction mechanism indicates that it 1s the
metaphosphate monomer rather than the trimer which is the
reactive species. However, the usefulness of the
invention is nct dependent on the accuracy or otherwise

of -his reacticn mechanism.

The 2guivalent monomers oI the boren and silicon

oxXvanicns are as follows:
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and it is likely that they will undergo similar reactions

to the phosphate oxyacids and anions.

It is not always necessary to use a salt of the oxyacid
anion which forms the type of monomer structure shown
above. For example, in the case of phosphorus, although
metaphosphate-salts are preferred, cother oxyacid salts
such as orthoohosphate, diphosphate, triphosphate,
polyphosphate, phosphonate, phosphinate, peroxyphosphate,
and hypophosphate salts or their free acids may also be
used. If the reactive species for the formation of
orthophosphate esters 1is indeed the metaphosphate
monomer, the reactivity of ortho-, di-, ¢tri- and
polyphosphate oxyacids can be explained by the fact that
in solution these oxvacids and their anions will be in
equilibrium with cthe metaphosphate species via which the
reaction appears to proceed. Furthermore, when these
other phosphates are used, metaphosphate is continuously
reacting with the EC and so the equilibrium with the
other phosphates will ke driven to the metaphosphate side
allowing the reaction to continue. 2An analogous applies

to the other species listed above.

Other phosphcrus based oxyacids which have been found to
be useful in the present invention are heterc-oxyacids
such as thiopncsphate, halophosphates and phosphonitrilic

compounds.
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The cation of the oxyacid salt will be such as to ensure
that the salt is soluble in the solvent in which the
reaction is carried out. In aqueous solution, the cation
may be an alkali or alkaline earth metal such as sodium,
potassium or magnesium. For certain solvents,
particularly organic solvents, larger cations such as
lanthanum, caesium or less ionic species such as lithium
and ammonium may ke more appropriate. In agqueous and in
other solvents, the cation may be chosen because of its
catalytic effect on the reaction. Preferably, the
counter ion will be chosen so that the salt does not have
an inappropriate pK value, particularly bearing in mind
the preferred pH operating conditions which will be
discussed in more detail below. -

The reaction can be carried out in both aqueous and
organic solvents. When an organic solvent is used it is
preferred that it is a highly polar solvent such as
dimethyl sulphoxide {DMSO).

In general, the process consists of the following steps:

(a) providing a reaction mixture comprising the HC or
amine; an oxyacid or oxyacid salt capable of producing
in solution a species capable of accepting a lone pair
of electrons from the oxygen of the HC or nitrogen of
the amine; and Zrom 0 to 30% (w/w) water based on the
weight of the EC cr amine;

{(b) allowing the EC or amine and the oxvacid species to

react to form sz product mixture containing an oxyacid

T

ester of the EC cor amine; and optionally

fc) either (I! at least partially recovering the ester

from the product mixture or (ii) further reacting the

(]

ster in situ 2 Zorm a desired compound or mixture.

PCT/GB93/01545
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Cne method for preparing a suitable reaction mixture :is
0 prepare an agueous soiuticn cf the HC or amine and the

oxyacid salt and subsequently to remove water from th

m

solution. Since water is a product of the esterification
reaction, it is clear frcm application of Le Chatelier'’s
orinciple that the removal of water from the mixture will
tend to shift the equilibrium in £favour of ester
formation and therefore, this method of carrying out the

reaction is particularly preferred.

This method of Zorming the reaction mixture works
particulariy well if the water in the HC/oxyacid salt
solution is initially present in considerable excess (for
example, at least 2, 5, 10, 20, 50 or 100 fold (on a
weight basis). During the water removal step, most of
the water is removed, so as to leave, say, less than one
part (for example from 0.1 to 30% w/w), based on the
starting amount of HC cr amine. As will be recoanised by
~hose skilled in the art, a balance has to be struck
petween considerations cf yieid, which favour removal of
a large amount of water, and considerations of time and
energy expenditure, which favours the converse. The
optimal place to draw the balance will doubtless vary
with the nature of the reactants and the operator’s

process ccnditions.

The water can ke removed £y any appropriate physical or
chemical method. ZExamples ol suitable pnysical methods,
which are generally opreferred, are evaporaticn,
avaporaticn under reduced gressure and ZIreeze Jdrying.
Consideraticons oI z2nercy consumption and time will often

diczzte the pest i1n any carticular circumstances.
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is to dissolve the HC cr amine and the oxyacid or oxyacid
salt in an organic solvent which may also contain water
in an amount of up to 30% (w/w) based on the starting

amount of HC or amine.

t is important that the oxyacid salt is soluble in the
chosen solvent and therefore, a polar solvent such as
dimethylsulphoxide should generally be used.

It has been found that in many cases the process is more
efficient if the reaction mixture contains water in an
amount of from 0.1 to 15% w/w of the HC.

The reaction can be carried out at almost any pH but a
preferred pH range is from 1 to 9 and the best results
are obtained when the pH is from 2 to 6. However, one
advantage of the reaction is that it does work well under
mild conditions of pH, for example from pH 4.5 to 6 and
this can be particularly important when the HC or the
product ester is sensitive to highly acidic conditions.
For reactions cf amines, the pH will preferably be
greater than 7 in order to ensure that a free amine
exists in the reaction mixture. Generally, for reaction
of amines, the pH will be between 7.5 and 9, although use
of pH of 10 or even higher may be necessary in some

cases.

Any hydroxylated compound may be esterified or any amine
amidated by this method but, in particular, the method is
suitable for the esterification of organic compounds such
as: sugars, rparticularly non-reducing sugars such as
renhalose and sucrose and reducing-sugars such as lactose
and maltose; proteins; glycoproteins, peptides,

glycopeptides and glvcoconjugates and other molecules
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having sugar functicnality; amino acids, particularly,
serine and threonine; and other organic compounds such as
alditols and «cyclitols, carboxylic acids, organic
oxvacids, particulariy  phosphates, and compounds
containing hydroxyl groups or alkoxy or phenoxy anions.
The invention has application to polysaccharides other
than starch, oligosaccharides (say with 3 to 10

monosaccharide units) and di- and mono-saccharides.

Inorganic hydroxylated compounds which may be esterified
by the method of <the invention include oxyacids
themselves and, for example, the esterification reaction
of the invention is of use for the synthesis of di-, tri-
and poly-phosphates.

In general, the reaction is most successful for primary
and secondary HCs and amines, although it is possible to
esterify tertiary derivatives, particularly if the

substituents are not tco bulky.

After the formation of the starting mixture, it may then
be further treated to maximise the esterification
reaction. In some cases, it may be preferable to heat
the reaction mixture for a time between 0.1 hour and 40
days at a temperature of from 20 to 200°C, preferably 50
to 100°C. The heating may be carried out in a sealed
system, particularly :if a high temperature is used and
will increase the rate of the esterification reaction.
Since water is a product of the esterification process,
removal of water Zrom che system as the reaction proceeds
will cause the equilirrium to be shifted so that more
ester is formed ZIrcm the reaction. One way c¢f removing
che water would pbe tz heat the mixture In an unsealed

system allowing water IO evaporate.



WO 94/02495 ' PCT/GB93/01545

10

15

20

13

Once the reaction is complete, the ester or amidate
products may be isolated by any suitable method: by ion
exchange chromatography, for example. If more than one
reaction product is obtained, it is generally easy to
separate the different products by chromatography.
Alternatively, the ester may be left in the resulting
mixture and treated or allowed to react further to
produce a compound, or mixture, of choice.

The process of the present invention has made it possible
to obtain new esters and amidates which could not be
prepared by any previously known route. In particular,
it is now possible to prepare esters of acid-labile
sugars such as sucrose and trehalose and therefore, in
further aspects of the invention, there are provided
trehalose-2-phosphate, trehalose-3-phosphate, trehalose-
4-phosphate and a number of mono-orthophosphates of
sucrose. These compounds are new and could only have
been prepared by ©previocusly known methods with

considerable difficulty and cost.

The invention is further illustrated by the following
examples. The examples refer to the accompanying

drawings, in which:

FIGURE 1 is a -H nmr spectrum of trehalose-6-phosphate
obtained from an orthophosphate salt by the method of

the present invention;

FIGURE 2 is a “H nmr spectrum of trehalose-2-phosphate
cbtained from an crthorhosphate salt by the method of

the present Inventiocn;

TIGURE 2 is a -H amr spectrum of trehalose-4-phosphate
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obtained from an orthophosphate salt by the method oI

the present inventicn;

FIGURE 4 is a 'H nmr spectrum of trehalose-3-phosphate
obtained from an orthophosphate salt by the method cf
the present invention;

FIGURE 5 is a HPLC ion-exchange chromatogram cbtained
from a sample of «,a’-trehalose treated with sodium
phosphate according to the method of the present

invention.

FIGURE 6 is a ‘H nmr spectrum of trehalose-3-phosphate
obtained from a metaphosphate salt by the method of the

present invention.

FIGURE 7 is a 'H nmr spectrum of trehalose-é6-phosphate
obtained from a metaphosphate salt by the method of the

present invention.

Exampie 1

The preparation of the four isomeric mono-orthophosphates

of «o,a’'-trehalose.

An aqueous solution cf «,a’-trehalose dihydrate (1.0g,
2.6 mmole) in sodium phosphate buffer solution pH 5.5
(0.1M, 100 ml), in which the water is present in an
approximately 100 <£cld excess, on a weight basis,
compared to the sugar, is frozen to -78°C (solid CO,) and
is then freeze-dried to give a preparation with a
moisture content (determined by Karl-Fischer titraticn)
of 4.5% w/w with respect to trehalose. The preparation,

ciosed to the atmosphere, is heated at 56°C for 10 aqays
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after which it is reconstituted in deionised water (100
ml) and the solution applied to an anion-exchanged
column, 120 x 2 cm, Bio-Rad AG 1 resin which nhad been
washed successively with 1M sodium hydroxide, water, 1M
sodium acetate, water and is therefore in the acetate
form. The expression Bio-Rad AG 1 is a trade mark. The
column was first washed with water to remove unreacted
trehalose (for recycling if so desired) and any other
unbound material, and then eluted with a 0.2 to 0.8M
ammonium acetate aqueous solution gradient to give
fractions containing the isomeric trehalose mono-
orthophosphates separated from inorganic orthophosphate.
The fractions containing the trehalose phosphates were
then analysed on an analytical ion-exchange column
(Dicnex BioLC PA 100) and the fractions containing each
of the four pure isomers were combined and their
solutions freeze-dried to give as analytically pure
amorphous solids, trehalose monophosphates as their
ammonium salts. The expression Dionex BioLC PA 100 is a
trade mark. Fraction 1, 0.085 g (6.6%), fraction 2,
0.035g (2.7%), fraction 3, 0.041lg (3.1%), fraction 4,
0.027% (2.1%). Total 0.188g (14.6%). All four products
gave, on treatment with the enzyme alkaline phosphates,
«,¢' -trehalose (identified by HPLC ion-exchange
chromatography) and inorganic orthophosphate (identified
coclorimetrically using ammonium molybdate) .

Elemental analysis data:

Fraction 1, Zound C 21.55%, H 6.62%, N 5.81%, P 6.45%
Tracticn 2, Zound C 21.22%, H 6.26%, N 5.97%, P 5.39%
Fracticn 2, fcund C 21.52%, H 6.55%, N 6.20%, P 6.55%
Traction 4, found C 21.37%, H 6.32%, N 5.92%, P 6.89%
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i
C,,H,oN,P.0,, requires C 31.38%, H 6.40%, N 6.14%,
P 6.79%

NMR data. The proton nmr spectra of the products present
in fractions 1, 2, 3 and 4 are shown in Figures 1 to 4
and are consistent with the 6-, 2-, 4- and the 3-
phosphates respectively, i.e structures 1, 2, 23 and 4
shown in the figures. Figure 1 1s identical to che
proton nmr spectrum of trehalose-6-phosphate - data Zrom
Sigma Chemical Co. Confirmation of these structures was

also obtained from **C and *'P nmr spectroscopy.

Example 2

Using conditions similar to those of Example 1, »Dut
modified as shown in the six entries (a) to (f) Zfor
Zxample 2 in Table 1, phosphate esters of «,a’-trehalose

were prepared from «,¢’-trehalose.

Example 3

The eight isomeric mono-orthophosphates of sucrose can be
prepared by a similar procedure to that of Example I,
using the conditions shown in Table 1. Of major note in
this case, however, is the £fact that sucrose is an
extremely acid labile disaccharide and consequently is
not amenable to direct phosphorylation with phosphori

acid. As with three of the trehalose phosphates above,
che majority of the sucrose isomeric esters are new
compounds and, Zurthermore, would be very difficulc to

crepare using existing methods.
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Examples 4 to 7

In an analogous manner

a-glycerophosphate;
serine phosphate;
B-cyclodextrin thiosulphates; and

serine thiophosphate,
were also prepared using the conditions shown in Table 1.

Further experiments were carried out to investigate the
effects of sodium phosphate buffer on several HCs. The
experiments were carried out in solutions of pH 5.5, 7.0
or 8.1 and all gave, after heating at 56°C for several
days, ©products which co-eluted with carbohydrate
monophosphate esters on ion-exchange chromatography. The

results of these experiments are shown in Table 1.

A number of experiments have also been carried out to
investigate the effects of other oxyacid salt buffers on
several HCs at pH 2.0-6.0. After heating at >56°C for
several days "ester-type" products are observed on ion-
exchange chromatography. The oxyacid buffers which were
used include those derived from boric, thiophosphoric,

phosphonic and phosphinic acids.
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It can therefcore be seen that the esterification method
of the inventicn is extremely flexible and can be used to
esterify a large range of compounds under relatively mild
conditions. In addition, the starting materials can be
recycled so that increased amounts of product can be

obtained.

Example 8

Formation of phosphate esters from preparations of «, a’-

trehalose and sodium metaphosphate.

The procedure of Example 1 was repeated except that «,a’-
trehalose dihydrate (1.0 g, 2.6 mmol) was dissolved in a
solution of sodium metaphosphate (0.1 M, 100 mi). The
preparation is frozen to -78° as before, freeze dried,
closed to the atmosphere and heated at 56°C for either 5
days or 12 days. The reaction was repeated at different

pH values and the results are shown in Table 2 below.
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TABLE 2
pH (initial) | %¥ monophosphate | %¥ monophosphate
5 days 12 days
1.9 32 34(7)
3.0 18 23 (6)
3.5 15 20(4)
4.0 13 19 (4)
4.5 17 15(4)
5.0 13 16(4)
5.5 13 17(4)
6.0 15 - 12(3)
6.7 11 -
7.2 9 -
8.0 8.5" -
9.3 3.47 -
9.9 2.67 -

after 7 days

The <figures in parentheses are the percentages of
diphosphates formed.

The percentage of phosphate shown in Table 2 is
determined from detector response and 1is therefore an

underestimate, possibly by a factor as high as 2.

The amount of phosphate formed will depend upon the
moisture content and on the temperature at which the
reacticn is carried cut. In several separate experiments
carried cut at higher temperature but for shorter times,

the vield of phosphates increased to about 40% based on
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detectcr response. Again, this is an underestimate and
the true <wvalue may be as muchn as twice the detecter

response value.

Exampie &
Reaction of a,a’-trehalose in DMSO.

a) with orthophosphate

@,a’ -Trehalose dihydrate (1 part), disodium hydrogen
orthophosphate and sodium dihydrogen orthophosphate (4
parts), (the salts mixed in proportions so as to produce
a pH cf 5.5 when in aqueous solution) were added to ary
DMSO {100 parts). The mixture was heated at 80°C for 2
days, and the DMSO was then removed by lyophilisation.
The residue was dissolved in water (100 parts) and
analysed chromatographically (ion-exchange). The mixture
contained about 1% of trehalose phosphates. The
relatively low vyield 1is probably due to the poor
solubility of the sodium salts in DMSO.

b) with metaphosphate

a-a-Trehalose dihydrate (1 part), sodium
metaphosphate/metaphosphoric acid (4 parts), mixed so as
to give a pH of 2 if in aqueous solution, were added tc
dry DMSO (100 parts) and the mixture heated at 80°C Zor
3 days. The DMSO was removed and the residue analysed as
describted above. The mixture contained 1.5% of trehalose
chosprhates. The relatively low vield is probably due tc

che pcor solubility of the sodium salt in DMSO.



WO 94/02495 ‘ PCT/GB93/01545

.10

15

20

25

39

23
CLAIMS
1. A process Ior the esterification of a hydroxylated

compound (HC) other than a starch, or the amidaticn of an
organic amine, characterised in that the process
comprises reacting the HC or amine with an oxyacid,
oxyacid anion or a mixture thereof wherein the oxyacid or
its anion 1is capable of accepting a lone pair of
electrons from the oxygen of the HC or nitrogen of the

amine.

2. A process as claimed in claim 1, wherein the oxyacid
is an oxyacid of an element M, which is capable of

forming trimeric oxyacids of the structure:

(YnOHm)\M/X\M/ (Y,0H,)

wherein:
M is an electron accepting element;
X 1s oxygen or a hetero-atom such as sulphur or a
substituted nitrogen atom;
Y is oxygen, hydrogen or a hetero atom such as sulphur
or a supstituted nitrogen atom;
nis 0 ocr 1 and m is 0 to 2, depending on the valency of
M.

(V3]

A process as claimed in claim 1 or claim 2, wherein

M is phospnorous, poron cr silicen.
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4, A process as claimed in any one of claims 1 to 3,
wherein <the oxyacid species is derived from a
metaphosphate, orthophosphate, diphosphate, triphosphate,
polyphosphate, phosphonate, phosphinate, peroxyphosphate,

hypophosphate, thiophosphate, halophosphate,
phosphonitrilic, borate or silicate salt or the free acid
thereof.

5. A process as claimed in any one of claims 1 to 4,
comprising:

(a) providing a reaction mixture comprising the HC or
amine; an oxvacid or oxyacid salt capable of producing
in solution a species capable of accepting a lone pair
of electrons from the oxygen of the HC or nitrogen of
the amine; and from 0 to 30% (w/w) water based on the

weight of the HC or amine;

(b) allowing the HC or amine and the oxyacid species to
react to form a product mixture containing an oxyacid

ester of the HC or amine; and optionally

(c) either (i) at least partially recovering the ester
from the product mixture or (ii) further reacting the

ester in situ to form a desired compound or mixture.

6. A process as claimed in claim 5, wherein the
reaction mixture is prepared by forming an agueous
solution of the HC or amine and the oxyacid salt and
removing water from the soluticn to form the starting

mixcTure.

7. A process as claimed in claim 6, wherein the water
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is initially present in at least 2 fold excess, on a
weight basis, compared to the starting amount of HC or

amine.

8. A process as claimed in claim 6 or claim 7, wherein
the water is removed by evaporation, evaporation under

reduced pressure or freeze-drying.

9. A process as claimed in claim 5, wherein the
reaction mixture is prepared by dissolving the HC or
amine and the oxyacid salt in an organic solvent, wherein
the organic solvent contains water in an amount of from
0 to 30% (w/w) based on the amount of HC or amine.

10. A process as claimed in claim 9, wherein the solvent

is dimethyl sulphoxide.

11. A process as claimed in any one of claims 1 to 10,
wherein the amount of water in the reaction mixture is

not greater than 15% (w/w) based on the weight of the HC.

12. A process as claimed in any one of claims 1 to 11,

wherein the pH of the mixture is from 1 to 9.

13. A process as claimed in claim 12 wherein the pH of

the mixture is from 2 to 6.

14. A process as claimed in any one of the preceding
claims wherein the HC comprises a sugar, a protein, a
glycoprotein, a peptide, a glycopeptide, a

glycccenjugate, an amino acid, an alditol or a cyclitol.

5. A process as claimed in claim 14, wherein the sugar

is a reducing sugar.
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16. A process as claimed in claim 14, wherein the sugar

is a non-reducing sugar.

17. A process as claimed in claim 14, wherein the amino

acid is serine or threonine.

18. A process as claimed in any one of claims 1 to 17,
including the step of heating the mixture for from 0.1

hours to 40 days at a temperature from 20° to 200°C.

19. A process as claimed in c<laim 18, wherein the

temperature is from 50° to 100°C.

20. A product mixture obtainable by a process as claimed

in any one of claims 5 to 19.

21. A reaction mixture obtainable by a process as

claimed in any one of claims 5 to 19.

21. A reaction mixture <containing a hydroxylated
compound or an organic amine, an oxyacid or oxyacid salt
capable of producing, in solution, an oxyacld species
which is capable of accepting a lone pair of electrons
and water, wherein the water is present in an amount of
from 0.1 to 30% (w/w) based on the weight of the HC or

amine.

22. Trehalose-2-phosphate;
trehalose-4-phosphate;
trehalose-3-phosphate; or

a mono-orthophosphate of sucrose.
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